Hepatitis B virus (HBV) molecular profiles were determined for 44 patients who were infected with human immunodeficiency virus (HIV
Hepatitis B virus (HBV) is the prototype member of the Hepadnaviridae family that causes acute and chronic liver disease including cirrhosis and hepatocellular carcinoma. HBV infection is a global public health problem with more than 300 million HBV carriers in the world. HBV infection is commonly diagnosed by the presence of hepatitis B surface antigen (HBsAg) and antibodies to the hepatitis B core antigen (anti-HBc). Anti-HBc usually appears in the acute phase of HBV infection and persists for a long time after virus clearance. Simultaneous presence of HBsAg and anti-HBc reveals a current infection. The presence of anti-HBs with anti-HBc usually indicates a past, resolved infection. The presence of anti-HBc alone is often interpreted as evidence of past HBV infection with undetectable levels of anti-HBs. Anti-HBc alone may also indicate undetectable levels of HBsAg in the blood of an HBV chronic carrier (Medrano et al. 1991) .
Detection of HBV DNA without detectable HBsAg is defined as occult HBV infection (Brechot et al. 2001 , Conjeevaram & Lok 2001 . The frequency of detection of occult HBV infection depends on the relative sensitivity Financial support: Faperj, CNPqof both HBsAg and HBV DNA assays. It also depends on the prevalence of HBV infection in the population (Allain 2004) . The role of occult HBV infection in the etiology of liver disease is still unclear. However, there is clear evidence that transmission of HBV by HBsAg-negative material occurs (Allain 2004) . A key question for understanding the role of occult infection is whether the presence of small amounts of HBV will lead to progressive liver disease. Regular measurement of HBV DNA loads in serum should define the lowest level of HBV DNA below which HBV is inactive and not transmissible. To address this question, standards for HBV quantification have been developed (Niesters et al. 2000) .
In patients co-infected with HBV and human immunodeficiency virus (HIV), it has been suggested that HIV interferes with the natural history of HBV infection by enhancing HBV replication, leading to more severe liver disease, decreased hepatitis B e antigen seroconversion and higher HBV DNA levels. Furthermore, end-stage liver disease has emerged as a common cause of morbidity and mortality of patients infected with HIV in response to immunological reconstitution after antiretroviral therapy (Thio 2004) .
HBV is classified into eight genotypes (A-H) with distinct geographical distribution. In Japan, a different distribution of HBV genotypes has been reported in HIVinfected and HIV-negative populations (Koibuchi et al. 2001) . In Brazil, where genotypes A, D, and F are the most prevalent, a similar distribution of genotypes between HIV infected and non infected patients has been observed (Niel et al. 1994 , Moraes et al. 1996 , Araujo et al. 2004 , Santos et al. 2004 ).
Lamivudine is a nucleoside analogue that inhibits the reverse transcriptase activity of both HIV and HBV (Benhamou et al. 1996) . This drug is widely used as part of the treatment of HIV infection and has also been used in the treatment of HBV infection (Dienstag et al. 1995 , Lai & Yuen 2000 , Leung 2004 ). The serum HBV DNA decrease due to lamivudine treatment is frequently accompanied by significant histological and biochemical improvement (Loriot et al. 1992) . The major limitation in the use of lamivudine is the selection of resistant mutations, which affect the YMDD motif of the HBV DNA polymerase. The resistance in the YMDD motif occurs by replacement of the methionine residue at position 550 by either valine (M550V) or isoleucine (M550I). The M550V variant may be accompanied by a mutation that changes leucine into methionine at residue 526 (L526M) (Lai & Yuen 2000 , Leung 2004 ). Such mutations have notably been reported in studies performed with HIV-HBV co-infected patients (Dore et al. 1999 , Thibault et al. 1999 , Hoff et al. 2001 ). More than 90% of the HIV-HBV co-infected patients under lamivudine treatment display the double resistant mutation L526M and M550V (Thibault et al. 1999 ). The simultaneous presence of L526M and M550V mutations seems to be associated with prolonged lamivudine treatment (Yeh et al. 2000) .
Here we investigate the prevalence of HBV DNA and viral load variations in patients displaying different HBV serological patterns in a group of HIV infected patients. We characterize HBV strains derived from HIV infected patients receiving lamivudine as a component of antiretroviral therapy and determine the frequency of lamivudine resistance mutations.
MATERIALS AND METHODS
Patients and serological studies -The study group consisted of 44 HIV-1 infected subjects (mean age, 38 years) who were anti-HBc positive with or without other HBV serological markers and who attended as outpatients at two public hospitals (Gaffrée e Guinle and Evandro Chagas) in Rio de Janeiro, Brazil, between 2000 and 2004. The protocol used was approved by the Ethical Committee of Oswaldo Cruz Foundation. Participants were randomly selected and informed consent was obtained from all of them. All patients were anti-HIV-1 positive by conventional serological tests and belonged to different risk groups for HIV infection. All patients were asymptomatic for HBV infection. In 31 patients, lamivudine was administered as part of antiretroviral treatment. Serum samples from all patients were initially tested for anti-HBc, HBsAg, and anti-HBs in the hospitals. These samples were not available, and new blood samples were collected from all 44 patients, retested for the presence of HBsAg, anti-HBc, and anti-HBs by enzyme-linked immunosorbent assay (Hepanostika Uni-form Organon Teknika B.V., Boxtel, Holland) and further used for genomic studies.
DNA extraction and real time PCR -HBV DNA was extracted from serum by using phenol-chloroform after treatment with proteinase K, as reported previously (Niel et al. 1994) . A panel of reference sera with known numbers of HBV DNA molecules, kindly supplied by Dr. Ikuta (Universidade Luterana, Canoas, Brazil), was used for quantification by real time PCR. This was done using TaqMan technology, according to Pas and Niesters (2002) with some modifications. Amplification assays were performed in a final volume of 25 µl of TaqMan universal MasterMix (Applied BioSystems, Foster City, CA, US), containing 2 µl of extracted DNA, 1 µM of each primer (sense, 5'-GGACCCCTGCTCGTGTTACA-3', nucleotide position 184 to 203, and antisense, 5'-AGAGAAGTCC ACCMCGAGTCTAGA-3', nucleotide position 273 to 249), and 0.3 µM of probe 5'-FAM-TGTTGACAARAATCCT CACAATACCRCAGA-TAMRA-3', nucleotide position 218-247. After an initial incubation step of 2 min at 50°C, and 10 min at 95°C, the PCR cycling program consisted of 50 step cycles of 15 s at 95°C and 60 s at 60°C. Reactions were performed in a 7700 SDS system (Applied BioSystems). The assay has a limit of detection of 10 copies/ reaction or about 100 copies/ml of serum.
Nucleotide sequencing -Samples positive by real time polymerase chain reaction (PCR) were submitted to amplification using semi-nested PCR assays. Pre-S/S region was first amplified with external primers PS1 (5'-CCATATTCTTGGGAACAA GA-3', nt 2826-2845) and a mix of antisense primers S2 (5'-GGGTTTAAATGTATAC CCAAAGA-3', nt 841-819) and S22 (5'-GTATTTAAA TGGATACCCACAGA-3', nt 841-819), which amplify HBV DNA from all genotypes. The second round was performed using sense primer PS4 (5'-CATCCTCAGGCC ATGCAGTG-3', nt 3199-3218) and antisense primers S2/ S22. PCR assays were performed with 1 µl of DNA in a final volume of 50 µl under the following conditions: 94 o C, 30 s; 52 o C, 1 min; 72 o C, 2 min; 35 cycles, followed by a final elongation of 7 min at 72 o C. Amplification products (50 µl) were loaded on a 2% agarose gel, electrophoresed, stained with ethidium bromide, and visualized under UV light. DNA bands were extracted from the agarose gels and nucleotide sequences were determined using BigDye Terminator kit (Applied Biosystems) with specific internal HBV primers. Sequencing reactions were analyzed on an ABI373 automated sequencer (Applied Biosystems). Bioinformatic analysis of the sequences was performed applying the University of Wisconsin Genetic Computer Group package.
RESULTS

HBV serological patterns and clinical characteristics of HIV-1-infected, anti-HBc positive patients -Among
44 HIV-1 infected patients (32 male, 12 female) who were positive for anti-HBc, 27 (61%) belonged to sexual behavior risk groups for HIV infection. Twenty-four out of the 32 men (75%) were homosexual or bisexual. Three out of 12 (25%) women declared having a sexual partner infected with HIV (Table I) . Risk factor for HIV infection was unknown for 13 (30%) patients. Forty (91%) patients were under antiretroviral treatment, and only five (11%) had CD4 levels lower than 200 × 10 6 /l. Even so, twenty (45%) patients were classified as having AIDS due to previous notification of an AIDS associated disease. Among the 40 patients under antiretroviral treatment, 31 (77.5%) received lamivudine as part of this antiretroviral therapy. Twelve (27%) patients were HBsAg positive, 22 (50%) were anti-HBs positive, and 10 (23%) had anti-HBc as the sole HBV serological marker.
Detection of HBV DNA and viral load determination by real time PCR -Serum samples from all patients were tested for HBV DNA by real time PCR amplification; 14 (32%) samples were positive (Table II) . HBV DNA was detected in 8/12 (67%) HBsAg positive samples, 3/10 (30%) 'anti-HBc alone' samples, and 3/22 (14%) anti-HBs positive samples. Viremia varied from 9.0 × 10 6 to 6.6 × 10 9 copies/ml (mean, 2.5 × 10 9 ; median, 3.5 × 10 9 ) among the HBsAg positive patients, from 2.2 × 10 4 to 1.2 × 10 6 among 'anti-HBc alone', and from 1.2 × 10 4 to 3.2 × 10 5 copies/ml among anti-HBs positive patients. In summary, among HBsAg negative patients the mean viral load was 2.7 × 10 5 copies/ml (median 4.0 × 10 4 ). The difference between the mean viral load of the HBsAg positive and negative patients was highly significant (p < 0.0001). As indicated above, most patients were receiving an anti-HIV regimen including lamivudine (Table I) . Among them, 9 (29%) were HBV DNA positive (Table II) . This proportion was not significantly different from that (5/13, 38%) found among patients not submitted to lamivudine therapy.
Analysis of nucleotide and amino acid sequences of the S region -Nucleotide sequences (complete S region, overlapping polymerase gene) of 13/14 HBV DNA positive samples were determined. Phylogenetic analysis showed that nine HBV isolates belonged to genotype A, subtype Aa, and that the four others belonged to genotype D (not shown). Among these 13 isolates, eight were from patients under lamivudine treatment (duration 11-60 months; Table II ). The deduced polymerase amino acid sequences showed that, despite the long period of lamivudine administration, only three isolates (patients 3, 4, and 12) showed the double L526M and M550V resistance mutation (Table III) . One of them (patient 12) showed an additional mutation (V519L), which has also been related to lamivudine resistance (Torresi et al. 2002) . Isolates 3, 4, and 12 belonged to genotype A, subgroup Aa. All three were derived from HBsAg positive patients. The isolates from the other patients under lamivudine (two HBsAg positive and four HBsAg negative) did not show resistance mutations. Patients infected with isolates carrying lamivudine resistance mutations had HBV loads varying from 6 × 10 8 to 6.6 × 10 9 copies/ml (Table III) . Lower values (2.2 × 10 4 to 2 × 10 7 copies/ml) were found for patients under lamivudine treatment but without lamivudine resistance mutations, with a highly significant difference (p < 0.0001) between the two groups.
DISCUSSION
Due to the shared modes of transmission of HBV and HIV, the prevalence of HBV serological markers is higher among HIV infected patients than in non-HIV infected individuals (Hofer et al. 1998 , Puoti et al. 2002 . In a previous study conducted by us between 1998 and 2000, high prevalences of anti-HBc antibodies (68%) and HBsAg (8%) were observed among HIV infected patients living in Rio de Janeiro, Brazil (Santos et al. 2003) . Comparison between the 44 patients from this study (2000 2004) , and the group of 115 anti-HBc positive patients from the previous study (1998 2000) showed that the proportion of HBsAg positive patients was significantly higher in the present study (27 vs 12%, p < 0.05). Whether this increase constitutes a tendency should be confirmed by further studies. The proportion of women in this HIV infected patients with HBV serological markers augmented from 10 to 27%, probably reflecting the major spread of HIV infection among women. Another significant change was the higher proportion of patients taking lamivudine as part of antiretroviral therapy (70 vs 34%).
Occult hepatitis B virus infection has been studied in different populations. In a recent study conducted with HBsAg negative blood donors living in the South of Brazil, a region of low prevalence of HBV infection, a low rate (3.3%) of occult infection among anti-HBc positive individuals was observed (Silva et al. 2005) . However, occult hepatitis B has increasingly been detected in HIV positive patients in different parts of the world (Hofer et al. 1998 , Grob et al. 2000 , Shire & Sherman 2005 . Here, a proportion of 19% of HBV DNA positivity was observed among the HBsAg negative, anti-HBc positive, HIV infected patients. This proportion is similar to those found previously in Brazil (20%; Santos et al. 2003) , and South Africa (22%; Mphahlele et al. 2006) .
A number of explanations for the persistence of HBV DNA in HBsAg negative samples have been proposed, including the presence of HBV DNA at a low copy number (Brechot et al. 2001) , genetic variations in the S gene (Carman 1997 , Zuckerman 2000 and the presence of immune complexes in which HBsAg may be hidden (Liang et al. 1990 , Ackerman et al. 1994 . Occult hepatitis B may also be due to (i) the window period following acute HBV infection, (ii) poor laboratory detection of HBsAg due to low level of HBs antigenemia, (iii) underlying HCV coinfection, (iv) immunosuppression, or (v) other host fac- (67) 9.0 × 10 6 to 6.6 x 10 9 2.5 × 10 9 3.5 × 10 9 8 11-48 5/8 Anti-HBc only 3/10 (30) 2.2 × 10 4 to 1.2 x 10 6 4.2 × 10 5 3.0 × 10 4 7 11-48 3/7 Anti-HBs, anti-HBc 3/22 (14) 1.2 × 10 4 to 3.2 x 10 5 3.8 × 10 5 5.0 × 10 4 16 36-60 1/16 Total 14/44 (39) 1.2 × 10 4 to 6.6 x 10 9 1.2 × 10 9 1.1 × 10 7 31 11-60 9/31
HBsAg: hepatitis B surface antigen; HBc: hepatitis B core. The differences between HBV load mean and median values of HBsAg positive and negative patients were extremely significant (p < 0.0001). tors (Grob et al. 2000 , Hu 2002 ). Moreover, it has been suggested recently that HIV infection may be a risk factor for occult hepatitis B (Mphahlele et al. 2006) . Our results show that the HBV DNA positivity rates and mean HBV load of the HBsAg positive patients were significantly higher when compared to HBsAg negative patients (p < 0.0001). These findings suggest that a low viral load might account for the lack of HBsAg detection in some patients, in accordance with other studies (Brechot et al. 2001 , Santos et al. 2003 . Since only six patients under study had HBV occult infection, no conclusion could be drawn about which patients were more prone to show this pattern of infection.
Suppression of HBV DNA by lamivudine treatment has been demonstrated in several studies performed with chronically HBV infected patients (reviewed in Karayiannis 2004 , Locarnini 2004 . In cases of HBV-HIV coinfected patients who received lamivudine as part of antiretroviral treatment, HBV DNA loss after one year of treatment was observed in 96.3% of patients when assessed by molecular hybridization and in 88.5% of patients by means of PCR (Benhamou et al. 1996) . However, the main limitation of lamivudine therapy is the appearance of HBV resistant mutations during the therapy. Previous studies have demonstrated that the appearance of HBV lamivudine resistance is associated with prolonged lamivudine therapy , Leung et al. 2001 , Leung 2004 . A rate of lamivudine resistance of 15-30% per year of therapy has been estimated (Leung 2004) . In the present study, no significant difference was observed in relation to the prevalence of HBV DNA between the patients under lamivudine treatment and the others. This could be due to a high prevalence of lamivudine resistance mutations. Indeed all the patients under study who were taken lamivudine had done so for a relatively long period (ranging from 11 to 60 months), which could have lead to the emergence of lamivudine resistance. Among the 10 individuals receiving lamivudine, only three (30%) developed lamivudine-resistance associated mutations. All three isolates were from HBsAg positive patients. In contrast, all isolates from HBsAg negative samples did not display lamivudine resistance mutations. In another study involving HBsAg positive, HIV infected patients almost 50% of patients who were HBV DNA positive did not display lamivudine resistance mutations (Cooley et al. 2003) . Furthermore, these patients and those with resistance mutations had been under lamivudine therapy for a similar period of time. In that study and in ours, it remains unclear why a high proportion of HBV DNA positive patients did not develop lamivudine resistance
The low frequency of resistance mutations observed here in viremic patients may be associated with occult infection or with the asymptomatic state of the HBV infection. Recently, a low (3.1%) frequency of HBV lamivudine resistance mutants was observed among asymptomatic HBV carriers receiving prophylactic lamivudine during chemotherapy for hematological malignancies (Pelizzari et al. 2004 ). In any case, the low HBV viremia itself may be an escape mechanism from the drug. In the present study, indeed, patients without resistance mutations had a lower mean viral load than patients with resistance mutations (p < 0.0001).
Two isolates displayed the L526M and M550V mutations. In addition, one sample displayed a third, previously described (Torresi et al. 2002 , Cooley et al. 2003 lamivudine resistance mutation, namely V519L. The triple mutation V519L/L526M/ M550V causes the concomitant amino acid substitutions E164D and I195M in the S protein. It has been shown recently that this triple mutant has a reduced affinity to anti-HBs antibodies, similarly to what happens with the well-known hepatitis B vaccine escape mutant G145R (Torresi et al. 2002 , Cooley et al. 2003 .
In conclusion, a high frequency of HBV occult infection was found among Brazilian HIV infected patients. No lamivudine resistance mutation was observed in case of occult HBV infection.
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